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Eukaryotic development requires the precise spatial and
temporal expression of regulatory genes that pattern tissues and
control cell fate. Plants continuously produce new lateral organs
such as leaves and flowers from shoot apical meristems located
at their actively growing tips. These meristems are self-
perpetuating sources of uncommitted, pluripotent stem cells
whose descendents can acquire many different cell fates.
Maintenance of the stem cell reservoir relies on positional
information systems to coordinate the continuous loss of stem
cells through differentiation with their replacement through cell
division. Our studies have revealed that stem cell fate in
Arabidopsis thaliana is controlled by a ligand–receptor signal
transduction pathway that is established during embryogenesis
and maintained throughout the life cycle. Signaling through this
pathway leads to the generation of a spatial negative feedback
loop that holds the stem cell reservoir in a dynamic equilibrium. I
will discuss a role for small, non-coding regulatory RNAs called
microRNAs (miRNAs) in controlling stem cell activity via
destabilization of the negative feedback loop, and the complex
expression patterns and regulation of the miRNAs and their class
III homeodomain-leucine zipper (HD-ZIP) target genes. Our
work is funded by the US Department of Agriculture, the US
National Science Foundation, and the US-Israel BARD Fund.
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In amphibians, Chordin is expressed in the organizer region
where it is required for neurogenesis and dorsal/ventral axis
specification. Chordin functions by binding to and preventing
BMP proteins from eliciting signal transduction events. In this
study, we show that sea urchin BMP is broadly expressed in the
oral territory, while Chordin expression is restricted to a
sharply defined region that corresponds to a portion of the
neurogenic territory, analogous to amphibian embryos. Chordin
is expressed downstream from Nodal in the oral (ventral)
ectoderm of sea urchin embryos, and is required for neurogen-
esis. GFP-SMAD1/5 protein localization was used to evaluate
the specific regions in which BMP signaling is active, both in
normal embryos and in embryos in which Chordin function
was modulated. Interestingly, Chordin is not involved in axis
specification in sea urchin embryos, in contrast to its role in
vertebrate embryos. This suggests an evolutionary change in
function in conjunction with the development of a centralized
nervous system. Thus, in amphibians both Goosecoid and
Chordin function in specifying the dorsal–ventral axis, while
in echinoderms, Goosecoid regulates axial specification, while
Chordin controls only neurogenesis.
doi:10.1016/j.ydbio.2006.04.035
25
Bioelectrical controls of morphogenesis
Michael Levin, Dany Adams, Sherry Aw, Junji Morokuma,
Nestor Oviedo
Forsyth Institute/Harvard, Boston, MA, USA
The majority of current efforts to understand morphogenesis
are focused on characterizing biochemical signaling molecules.
However, extensive data indicate that poorly-understood
biophysical events control important aspects of development,
regeneration, and neoplasm. Our lab merges molecular and cell
biology with biophysics, physiology, and mathematical mod-
eling to understand the role of endogenous voltage gradients
and ion flows in regulating pattern formation and cell behavior.
Using a number of functional techniques and in vivo imaging
approaches, we hope to integrate the epigenetic signals
produced by ion channel and pump proteins with known
transcription networks. Using gain- and loss-of-function
approaches, we demonstrate the involvement of ion flows in
left–right asymmetry, polarity in frog and planarian regener-
ation, eye development, control of melanocyte behavior, and
doi:10.1016/j.ydbio.2006.04.033
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other aspects of morphogenesis. These data reveal molecular
details of novel pathways underlying long-range information
transfer during embryonic development and regeneration.
Moreover, the preliminary data point towards potential new




The role of Caudal transcription factors during
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The segmental nature of the embryo is most evident within
the paraxial mesoderm during the formation of somites and
within the nervous system during the formation of hindbrain
rhombomeres. Classic and modern embryological experiments
show that the posterior neural plate gives rise to the hindbrain
and spinal cord portions of the central nervous system. Then, the
hindbrain is subdivided into neuromeres that are required for
proper structural patterning of the adult brain stem while the
spinal cord remains unsegmented, although able to receive
signaling cues from the adjacent mesoderm to organize its
neuronal populations into an iterative pattern. What sets up the
difference between segmented and unsegmented regions? Here,
we use genetic and molecular approaches in zebrafish to address
the mechanisms involved in the determination of the hindbrain
and spinal cord regions from a common posterior neural plate
territory. In all species studied so far, including zebrafish,
members of the Caudal (Cdx) family of homeobox transcription
factors are required for proper development of the most posterior
regions of the embryo. We examined hindbrain and spinal cord
neuronal populations in zebrafish embryos lacking cdx1a and
cdx4 activities. Single cdx1a or cdx4 depleted embryos show
mild shifts in the distribution of these neuronal populations. In
contrast, double cdx1a/cdx4-deficient embryos display the
presence of hindbrain neuronal populations throughout the
trunk and tail of the animal and the absence of spinal cord-
specific neuronal markers. In addition, hox expression analysis
in double mutants reveals the presence of extra neuromeres that
are arranged in a mirror image duplication pattern to the native
hindbrain segments. Our data suggest that members of the Cdx
family of homeobox transcription factors are required to
suppress segmentation of the posterior portion of the neural
plate and thus allow the development of the spinal cord. We
further suggest that a common mechanism involving cdx genes
may play a role in the segmentation of both the nervous system
and the paraxial mesoderm.
doi:10.1016/j.ydbio.2006.04.037
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The vertebrate head skeleton is primarily derived from
cranial neural crest cells (CNCC). These CNCCs migrate and
interact with surrounding mesenchyme and endoderm to build
the skull. The loss of Hedgehog (Hh) signaling in the vertebrate
embryo causes severe craniofacial defects, in part due to
defects in CNCC-derived tissues. Inactivation of zebrafish Hh
family members shhA and twhh (shhB) leads to variable
midline defects and reduced chondrogenesis in the developing
anteriocranium. Such variation in craniofacial midline defects
is characteristic of the Hh-associated disorder holoprosence-
phaly in humans. Dispatched 1 is a 12 transmembrane domain
protein involved in the release of shh. We have demonstrated
that zebrafish chameleon (con) mutant embryos, lacking
functional dispatched 1 protein, display variable defective
craniofacial patterning throughout the midline and exhibit an
overall reduction in chondrogenesis. These results further
suggest an Hh requirement by CNCC in the development of
the vertebrate skull. Using in situ hybridization for neural crest-
specific markers, we will examine the induction of neural crest
cells and their migratory patterns in dispatched 1 mutants.
Further, zebrafish carry a second dispatched protein, dispatched
2, whose potential role in Hh signaling has yet to be
determined. We will characterize any craniofacial abnormalities
in dispatched 2 morphants and combination morphants
defective in all dispatched signaling in order to further
understand the role of Hh and dispatched proteins in vertebrate
head skeleton development.
doi:10.1016/j.ydbio.2006.04.038
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